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Abstract. In this paper, a multi-objective mathematical model is developed in 
fuzzy environment in which the vagueness in aspiration level of objectives and 
data imprecision regarding the selection criteria and related constraints are con-
sidered simultaneously as a source of fuzziness. In the model, such data impreci-
sion is presented based on the estimation of its possibility distribution to better  
capture the uncertainty. Finally, a fuzzy solution methodology is constructed by the 
aid of weighted additive aggregation function to derive optimal solution. As pre-
liminary investigation, we report that the proposed model is more flexible and con-
venient than the previous models whose imprecise parameters are treated as a  
given single estimated value. 
1 Introduction 
To remain competitive in a dynamically global market, the need to improve efficiency 
has prompted enterprises to seek opportunity to reduce costs while continuously im-
prove their operation. Within the purchasing function, one of the key activities to 
achieve this goal is by selecting the appropriate supplier(s). In essential, supplier se-
lection problem is a multi-criteria decision making within which criteria may be de-
fined in quantitative and qualitative dimensions. Dickson [1] was the first to identify 
several criteria which are the most considered criteria in a practical supplier selection 
where quality, on-time delivery, performance history, warranty policy, and production 
facility/capacity of supplier were on the top five ranked in the list. A recent survey by 
Olson and Wu [2] study reported that cost, quality, and time response are major crite-
ria that consistently appear for supplier selection. 
The issue of considering uncertainty in supplier selection problem has received a 
great deal of concern in the field of supply chain management. This complexity in 
supplier selection stems from imprecise preferences of the decision maker (DM) re-
garding the aspiration level of decision objective and/or the imprecise nature of deci-
sion criteria and constraints. While the usefulness of stochastic approach has been do-
cumented, it is not always applicable in coding the information regarding the  
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imprecision of data and vagueness of goals. To avoid this drawback, the fuzzy ap-
proach is employed for modeling uncertain parameters. Moreover, it is frequently 
emphasized in the literature that fuzzy approach has had a great impact in preference 
modeling and multi-objective problem and has helped bring optimization techniques 
closer to the users’ needs [3]. 
A number of studies have been devoted to examining supplier selection methods. 
Quantitative techniques have become increasingly applied recently. A comprehensive 
review of numerous quantitative techniques used for supplier selection has been done 
by [4].  
This paper focuses on fuzzy multi-objective linear programming (fuzzy MOLP) to 
deal with supplier selection problem. Kumar et al. [5] developed a fuzzy multi-
objective integer programming approach for supplier selection problem subject to 
constraints including buyer’s demand and suppliers’ capacity, and derived an optimal 
solution using max-min operator (Zimmermann’s approach). To evaluate the perfor-
mance of the model, they perform sensitivity analysis on the order allocation and ob-
jective function by changing the degree of uncertainty in supplier capacity. Amid et 
al. [6] solved fuzzy MOLP supplier selection problem by applying weighted additive 
aggregation function to facilitate an asymmetric fuzzy decision making technique. 
Since they found the performance of such a method is not adequate to support deci-
sion making process, α-cut approach is then proposed to improve the resulted 
achievement level. Later on, Amid et al. [7] applied weighted max-min aggregation 
function in supplier selection problem and compared the performance of the proposed 
approach with max-min operator and weighted additive aggregation function. They 
found that the ratio of achievement level of objectives matches the ratio of the objec-
tives weight. Yucel & Guneri [8] proposed a new method of weights calculation in 
fuzzy MOLP supplier selection. Recent study by Arikan [9] developed a modified 
augmented max-min aggregation function that originally proposed by Lai dan hwang 
([10],[11]) to solve fuzzy multi-objective supplier selection problem by considering a 
preference of the decision maker(s) (DMS) in determining the desired minimum 
achievement level of fuzzy objectives. The performance of the proposed approach is 
then is compared with the original augmented max-min and the weighted additive ag-
gregation function in solving the test problem in Yucel & Guneri [8]’s study. The 
study reported that while the modified augmented max-min outperforms the weighted 
additive in terms of the achievement level of fuzzy objectives, it shows insignificant 
improvement in performance when compared to the original augmented max-min. 
Related to coding the imprecise data involved in supplier selection problem, all 
models in literatures assumed such imprecision is tackled by assigning a given single 
estimated value. In this paper, a solution methodology for multi-objective supplier se-
lection problem is developed in fuzzy environment in which the data imprecision  
regarding the selection criteria and related constraints, and vagueness in aspiration 
level of objectives are considered simultaneously as a source of fuzziness. Unlike the 
previous models, data imprecision is generated based on its possibility distribution  
in order to better capture the uncertainty. A fuzzy mathematical model is then devel-
oped by the aid of weighted additive aggregation function to derive a set of optimal 
solution. 
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2 Fuzzy Multi-objective Programming Methodology 
2.1 Fuzzy Multi-objective Preliminary Formulation 
A fuzzy formulation of the multi-objective linear programming (MOLP) with impre-
cise coefficient and fuzzy aspiration level of objectives can be stated as 
min ܼ௞ ൌ ∑ ܿ̃௞௜ݔ௜௡௜ୀଵ ൑ ~ܼ௞଴ ,      ݇ ൌ 1,2, … , ݌                (1) 
max ෨ܼ௟ ൌ ∑ ܿ̃௟௜ݔ௜௡௜ୀଵ ൒ ~ܼ௟଴ ,       ݈ ൌ ݌ ൅ 1, ݌ ൅ 2, … , ݍ           (2) 
subject to: 
݃௦ ൌ ∑ ܽ௦௜ݔ௜ ൑ ෨ܾ௦௡௜ୀଵ , ݏ ൌ ݄ ൅ 1, ݄ ൅ 2, … , ݉               (3) 
ݔ௜ ൒ 0, ݅ ൌ 1,2, … , ݊                                         (4) 
The symbol ≤~ and ≥~ denotes the fuzzified version of ≤ and ≥, respectively. The 
notation of ܿ̃௞௜ and ܿ̃௟௜  are imprecise coefficients, and  ܼ௞଴ and ܼ௟଴ are the aspiration le-
vels that the DM wants to reach. The above fuzzy mathematical formulation is cha-
racterized by linear membership function whose value changes between 0 and 1. The 




                                                  (5) 
 ߤ௓௟ ൌ ௓೗ሺ௫ሻି௓೗
೘೔೙
௓೗೘ೌೣି௓೗೘೔೙
                                                          (6) 
Here ܼ௞௠௔௫, ܼ௟௠௔௫, ܼ௞௠௜௡, and ܼ௟௠௜௡ means the maximum value and the minimum 
value of ܼ௞ and ܼ௟, respectively.  They are obtained by solving a single objective  
optimization problem respectively under each objective function. 
2.2 Modeling Imprecise Parameter using Possibilistic Programming 
In possibilistic programming, each imprecise data (ill-known parameter) has its possi-
bility distribution which represents the possibility degree of occurrence of possible 
value for each imprecise parameter. A several number of distributions exist in litera-
ture such as triangular, trapezoidal and so on. Among them, triangular are the most 
commonly used distributions in solving possibilistic programming problems [2]. Us-
ing triangular distribution, a possibilistic programing with imprecise parameter 
∑ ܿ̃௜ݔ௜௡௜ୀଵ  is redefined as 
max/ min ∑ ൫ܿ௜௣, ܿ௜௠, ܿ௜௢൯ݔ௜௡௜ୀଵ                                           (7) 
where ܿ௣, ܿ௠ and ܿ௢ are the most pessimistic, the most likely and the most optimistic 
value of imprecise parameter, respectively. These values are usually estimated by the 
DMs based on available data as well as their knowledge. 
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Jimenez et al., [13] proposed a method to define a single crisp representation of 
ܿ௣, ܿ௠ and ܿ௢ based on the concept of expected interval and expected value of fuzzy 
numbers. It has been proven that this method is computationally efficient to solve 
such problems as it can preserve its linearity and do not increase the number of objec-
tive functions and inequality constraints [14]. 
The crisp representation of imprecise parameters of fuzzy MOLP problem in  
Eq. (1) - (4) can be formulated as follows [13]: 
෨ܼ௞ ൌ ∑ ൬௖ೖ೔
೛೐ೞାଶ௖ೖ೔೘೚ೞା௖ೖ೔
೚೛೟
ସ ൰ ݔ௜௡௜ୀଵ ൑ ~ܼ௞଴                        (8) 
෨ܼ௟ ൌ ∑ ൬௖೗೔
೛೐ೞାଶ௖೗೔೘೚ೞା௖೗೔
೚೛೟
ସ ൰ ݔ௜௡௜ୀଵ ൒ ~ܼ௟଴                          (9) 
subject to: 
݃௦ ൌ ∑ ܽ௦௜ݔ௜ ൑ ൤ߙ ൬௕ೞ
೛೐ೞା௕ೞ೘೚ೞ
ଶ ൰ ൅ ሺ1 െ ߙሻ ൬
௕ೞ೘೚ೞା௕ೞ೚೛೟
ଶ ൰൨௡௜ୀଵ             (10) 
ݔ௜ ൒ 0, ݅ ൌ 1,2, … , ݊                           (11) 
where α is a minimum acceptable feasibility degree of decision vector which can be 
varied according to subjective preference of the DM. 
2.3 Fuzzy Aggregation Function 
A fuzzy aggregation function is typically used to solve fuzzy multi-objective pro-
gramming problem by converting such problem into single objective formulation. 
Solving the aggregation function results in the efficient solution in terms of the satis-
faction degree of each objective from which the DMs choose the final decision based 
on his/her preference (relative importance among objectives). Tiwari et al [15] pro-
posed weighted additive aggregation function which had been widely used in vector-
objective optimization problems. The function is stated as follow:  
Max ∑ ߱௞ߣ௞௞   
subject to: 
ߣ௞ ൑ ߤ௓௞                                                     (12) 
ߣ௞,  ߤ௓௞, ߱௞ א ሾ0,1ሿ 
∑ ߱௞௞ ൌ 1  
where ߣ௞denote the satisfaction degree of k-th objective (individual satisfaction  
degree of each objective). 
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3 Fuzzy Multi-objective Supplier Selection Problem 
3.1 Model Formulation 




i index for suppliers, for all i = 1, 2, . . . , n 
 
Decision variable 
xi  The number of units purchased from the i-th supplier 
 
Parameters 
D  Aggregate demand of the item over a fixed planning period. 
n  Number of suppliers competing for selection 
pi  Unit net purchase cost from supplier i 
fi  percentage of product quality of the supplier i 
si  Service performance of the supplier i 
Ci  Capacity of i-th supplier 
 
Following the formulation of the fuzzy MOLP problem in Eqs. (1)-(4), the crisp 
representation of the above problem using Eqs. (8)-(11) can be stated as follows: 
Min ෨ܼଵ ൌ ∑ ൬௣೔
೛೐ೞାଶ௣೔೘೚ೞା௣೔
೚೛೟
ସ ൰ ݔ௜௡௜ୀଵ ൑ ~ܼଵ଴                           (13) 
Max ෨ܼଶ ൌ ∑ ൬௙೔
೛೐ೞାଶ௙೔೘೚ೞା௙೔
೚೛೟
ସ ൰ ݔ௜௡௜ୀଵ ൒ ~ܼଶ଴                        (14) 
Min ෨ܼଷ ൌ ∑ ൬௦೔
೛೐ೞାଶ௦೔೘೚ೞା௦೔
೚೛೟
ସ ൰ ݔ௜௡௜ୀଵ ൒ ~ܼଷ଴                         (15) 
 
subject to: 
∑ ݔ௜௡௜ୀଵ ൒ ቂߙ ቀ஽
೘೚ೞା஽೚೛೟
ଶ ቁ ൅ ሺ1 െ ߙሻ ቀ
஽೛೐ೞା஽೘೚ೞ
ଶ ቁቃ               (16) 
ݔ௜ ൑ ൤ߙ ൬஼೔
೛೐ೞା஼೔೘೚ೞ೟
ଶ ൰ ൅ ሺ1 െ ߙሻ ൬
஼೔೘೚ೞ೟ା஼೔
೚೛೟
ଶ ൰൨                     (17) 
ݔ௜ ൒ 0 (18) 
Eq. (13) minimizes the net cost for ordering product to satisfy demand. Eq. (14) 
maximizes the quality requirement of each supplier. Eq. (15) maximized the service 
performance of each supplier. Eq. (16) ensures that order quantity assigned to suppli-
ers must satisfy the total demand. Eq. (17) guarantees that the order quantity assigned 
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to each supplier will not exceed supplier capacity limit. Eq. (18) is non-negativity 
constraint. 
3.2 Step-by-step Solution Methodology 
We propose solution methodology to facilitate the decision-making process in solving 
multi-objective supplier selection problem with imprecise parameters and fuzzy aspi-
ration level of objectives. The steps are summarized as follows: 
 
Step 1: Construct the fuzzy MOLP supplier selection problem with imprecise  
parameters and fuzzy aspiration level according to defined criteria and  
constraints. 
Step 2: Transform the model into an equivalent crisp representation of multi-
objective model by converting all the imprecise parameters (i.e., criteria data, 
aggregate demand and capacity of each supplier). 
Step 3: Determine the minimum acceptable feasibility degree (α-level) and then con-
struct membership function for each fuzzy objective function using lower 
and upper bounds of each objective for the desired α-level. 
Step 4: Specify the weight of each objective and solve the model using weighted  
additive aggregation function. 
Step 5: Present the optimal solution set according to predetermined α value. When 
the DM desires to change his/her preference in respond to uncertainty and/or 
the weight of each objective, change the corresponding values and repeat the 
procedure from step 3. 
Table 1. Supplier quantitative information 
Supplier n Cost ($) Quality (%) Service (%) Capacity (unit) 
 1 {11,13, 15.5} {65,80,95} {70,85,90} {550,700,800} 
 2 {10,11.5, 13} {60,70,80} {60,75,85} {400,600,700} 
 3 {13,15,16.5} {70,80,99} {70,80,95} {300,500,650} 
4 Numerical Example 
The following example is based on Amid, Ghodsypour and O’Brien [7]’ s study. 
Consider one company which considers three candidates of supplier for ordering 
plan of one product. Management wants to improve the efficiency of the purchasing 
process by evaluating their suppliers using three criteria which are net price, quality 
and service. Based on this description the objectives are developed as minimizing net 
cost of purchasing a product to the suppliers, maximizing quality rate and maximizing 
service performance of suppliers. 
To show the effectiveness of the proposed solution methodology, the original crite-
ria data from Amid, Ghodsypour and O’Brien [7]’ s study are presented as imprecise 
parameters, following the assumption that the data is imprecise. As a result, rather 
than estimates a single value for each of the data, the DM determines the estimation 
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of its possibility distribution by deciding three prominent values (i.e., the most likely, 
the most pessimistic and the most optimistic values) based on their current available 
information and knowledge. The constraints regarding the total demand and the ca-
pacity of each supplier are also considered imprecise in nature. As a result, the  
estimated values of their cost, quality and delivery performance, and associated  
constraints of suppliers are presented in Table 1. 
Several results with different α-level (i.e. α = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) are pro-
vided in performance testing and for each α-level alternative solution sets are gener-
ated by the aid of the weighted additive aggregation function. The weight of cost, 
quality and service are given as ߱ଵ= 0.63, ߱ଵ= 0.21 and ߱ଵ= 0.16 [16]. Due to space 
limitation, the detail formulations according to the step-by-step procedures of  
methodology are not presented in the paper. 
Table 2. Different sets of optimal solution 
Item Amid et al.    Proposed model 
 (2011) α = 0.0 α = 0.2 α = 0.4 α = 0.6 
Z1 12000 10756 11264 11773 12281 
Z2 740 655 686 717 748 
Z3 807 686 717 749 780 
x1,x2,x3 400,600,0 250,650,0 315,650,0 380,590,0 445,560,0 
μz1 1.000 1.000 1.000 1.000 1.000 
μz2 0.000 0.000 0.000 0.000 0.000 
μz3 0.300 0.004 0.005 0.007 0.010 
 
According to the result provided in Table 2 the value of all objective functions in-
creases when the minimum acceptable feasibility degree (α-level) is increased. In oth-
er words, when the DM decided to response to uncertainty with a higher confidence 
level, all objective functions are also augmented. This could be due to the need to or-
der more quantity of product (in total) in higher α-level. 
It is also revealed that the second and third objective (quality and service) are  crit-
ical objectives as the corresponding achievement level is always in the worst possible 
value in any α-levels. This implies that the model tends to sacrifice the performance 
of these objectives because it is at less of cost decreasing the performance of these ob-
jectives rather than decreasing the performance of the first objective (net price). This 
phenomenon is directly influenced by the fact that the first objectives is the most im-
portant ones whose assigned weight is the highest, according to the DM’s preference 
(ω1 >> ω2 > ω3). 
As it was mentioned in Section 3.2, the value of minimum acceptable feasibility 
degree (α-level) and the weight of the objectives can also be varied according to the 
DM preferences (other than illustrated above), yielding some alternative solution sets 
from which the DM select the most preferred solution. Hence, besides providing a 
broader decision spectrum, the proposed model is also more flexible and convenient 
than the previous models whose imprecise parameters are treated as a single estimated 
value. 
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5 Conclusion 
In this paper, a solution methodology for multi-objective supplier selection problem is 
developed by simultaneously considering vagueness in aspiration level of objectives 
as well as the imprecision nature of to criteria data and related constraints. To better 
capture the uncertainty embedded in selection process, the model facilitates a judg-
ment of the DM to estimate of the possibility distribution of each criterion and  
constraints by deciding three prominent values based on their current available infor-
mation and knowledge. 
According to the preliminary investigation, the main feature of the proposed model 
is the ability to yield different solution set with adjusted ordering decision based on a 
different minimum acceptable feasibility degree (α-level) in order to facilitate the DM 
to set his/her confident level in response to the uncertainty in imprecise criteria data 
and related constraint (i.e., demand and capacity) in supplier selection problem. 
Another interesting feature were also mentioned regarding the flexibility of the model 
compared to the recent models whose imprecise parameters are treated as a single  
estimated value. 
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